steer as much as the sum of the practices used alone. The improvement practices studied were moderate grazing, additional winter cake, late-summer cake, and stilbestrol. The basic practice was heavy grazing.
The 100% efficiency of gain obtained with the combined practices indicates that an improvement practice should produce about the same increase in gain regardless of the number of other improvement practices used on a ranch or in an experiment. In addition, research findings obtained at one level of cattle management could be invalid when extended to ranches using other levels.
La
Simply stated, our research objective was to study the efficiency of applying improvement practices in combination as compared with applying them alone.
Background
Four practices were available that increased steer gains and w ere feasible for us to use in a large-scale grazing trial. These four, hereafter referred to as improvement practices, were moderate g-razing, additional winter protein, late-summer cake, and diethylstilbestrol (stilbestrol). Moderate grazing was considered an improvement practice as compared with heavy grazing, which was the basic practice for the study.
Our ZO-year grazing studies on native range showed that increasing stocking rate from 6 to 9 acres/steer (i.e., from heavy to moderate grazing) raised yearlong gain an average of 25 lb./steer in nondrouth years, and 80 lb. in drouth years (McIlvain and Shoop, 1965) .
Similarly, our winter protein-rate studies showed that increasing the daily ration of 41% protein cottonseed pellets (cake) from 1.5 to 3.0 lb./steer increased gains about 25 lb./steer yearlong, but the 3-pound rate is usually not profitable unless steers are sold in spring. McIlvain (1956) found that feeding 1 lb. of cake/steer/day in late summer increased yearlong gain 30 lb./steer when forages were dormant, and did not increase gains when grass was green. Also, Shoop and McIlvain (1962) reported that implant- The 85-year annual precipitation is 23 inches, but it varies from 10 to 43 inches.
Mean temperature is 44F during winter and 73F during summer.
The Range is located on rolling, stabilized, sand dunes composed primarily of loamy sand soils that have a single-grain structure. The native vegetation consists of a thin stand of sand sagebrush (Artemisia filifolia Torr.) and a mixed understory of short, mid, and tall grasses and a few forbs (Shoop and McIlvain, 1963 
Results and Discussion

Steer Gains
The four practices used in combination increased yearlong gain per steer as much as the sum of the practices applied alone. The 4-practice combination increased gain 92 lb./steer above that of heavy grazing (Table 2 ). In comparison, the sum of the increased gains from each of the four practices applied alone was 89 lb.-essentially the same as the 4-practice combination.
Similarly, the 3-practice combination increased yearlong gain 76 lb., and the sum of the increases of the three practices was 75 lb. Also, the differ- ence in gain between the 3-practice combination and the 4-practice combination was essentially the same as the difference in gain between heavy and moderate grazing. This is further evidence that the gains of the combined practices were wholly additive.
The 3-practice combination produced excellent steer gains even though the range was severely damaged by overgrazing.
Stocking at 6 acres/steer caused severe loss of plant vigor, death of plants on less favorable sites, and severe soil disturbance. When a range supports only weak, scattered, lowquality forage, both the cattle and the cattleman it supports are close to disaster. A cattleman should not conclude that he can afford to overgraze by using a combination of other improvement practices.
Hair Shedding
Cattlemen associate rapid shedding of winter hair with good winter nutrition and health. Both the 4-practice and the 3-practice combination increased rate of hair shedding more than the sum of the increases of the practices applied alone. Specifically, the 4-practice combination increased shedding 1.4 points, and the practices applied alone increased shedding only 1.1 points (Table 3) . The 3-practice combination increased shedding 1.3 points, whereas the practices used alone increased shedding only .5 point. Thus, both gain and hair shedding showed that the practices used in combination were wholly additive.
Conclusions and Recommendations
The additive effects of the combined practices show that the steers did not reach their genetic potential to gain. Combining the improvement practices did not cause diminishing returns. For UECKERT, POLK, AND WARD example, the 4-practice combination increased gain bine all improvement practices that are profitable nearly 100 lb./steer over heavy grazing (Table 2) . when used alone. Also, scientists and extension Since the cattle, rangeland, and improvement personnel should consider that combined practices practices used in the experiment were ,highly simiare generally additive, but they should also be lar to those used on ranches, cattlemen can genaware that some combinations may be more than erally expect similar results from combining these additive and that some may be influenced by comand other improvement practices. pensatory gains. However, the effect of combined practices cannot be additive if a limiting factor exists. For example, a rancher who has bred the best genetic potential into his cattle could not expect the gain response to be additive from combining shade, parasite control, needed minerals, and stilbestrol when insufficient pasture is the factor limiting gains.
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This study of four practices does not establish a principle that gains from other combined practices will be additive.
However, it does indicate that ranch operators, in general, need not fear they are approaching the point of diminishing returns for increasing steer gains. Instead, cattlemen and managers of public lands should endeavor to com-
